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WHAT THIS PAPER ADDS
 This article speciﬁcally focusses on a frequent issue encountered during endovascular aneurysm repair (EVAR): how do youmanage
variant renal anatomies such as accessory renals, horseshoe kidneys and ectopic kidneys?a r t i c l e i n f o
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Introduction: The revascularisation of large (>3 mm) renal arteries emerging from the proximal sealing
zone or off the aneurismal wall can be challenging during endovascular aortic aneurysm repair. In this
article, we describe various endovascular techniques using custom-made endografts to treat these
complex variant anatomies.
Cases: Nine patients deemed unﬁt for open repair with unusual renal vascularisation associated with
aortic aneurysms were treated by endovascular means. After three-dimensional (3D) reconstructions on
a dedicated workstation, custom-made devices were designed and manufactured. The revascularisation
of multiple renal arteries and aberrant origins of renal arteries, associated or not with pelvic kidney or
horseshoe kidney, was managed using fenestrated and branched endografts.
Results: All target vessels were patent on computed tomography (CT) scan and contrast-enhanced
ultrasound evaluation before discharge as well as on the 6-month follow-up. One patient presented
a decrease of postoperative glomerular ﬁltration rate over 30% but did not require dialysis. No sac
enlargement was depicted, and no reintervention was performed during follow-up. Three type 2
endoleaks were diagnosed.
Conclusion: Endovascular treatment with fenestrated and branched endografts should be considered in
challenging renal artery anatomies in patients unﬁt for open repair.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Renal vascular anatomy usually consists of a single artery.
However, in up to 25% of the cases, we may ﬁnd one or more
accessory arteries associated with a main renal artery per kidney.1
Renal vascular anomalies can be associated with an ectopic or
a horseshoe kidney.2 The endovascular repair of some abdominalulaire, Hôpital Cardiologique,
d France, 59037 Lille Cedex,
.
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ciety for Vascular Surgery. Publishaortic aneurysms (AAAs) involving renal arteries can necessitate
the coverage of small accessory renal arteries. Nevertheless,
accessory vessels over 3 mm in diameter should be revascularised
to reduce the risk of postoperative renal insufﬁciency.3
Branched and fenestrated endografts have been successfully
used in the treatment of juxtarenal and thoraco-AAAs.4 In this
article, we present case series of patients treated with this tech-
nology for renal vascular anomalies consisting of multiple acces-
sory renal arteries with or without associated ectopic or horseshoe
kidney. We will also analyse follow-up results including impact on
renal function.ed by Elsevier Ltd. All rights reserved.
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Patients were identiﬁed from our prospective vascular database
from January 2007 to December 2011. The selected patients
beneﬁted from endovascular repair of aortic aneurysms during
which revascularisation of either accessory renal arteries or renal
arteries with aberrant origins was performed. All patients with such
anatomy were included in this study on an intention-to-treat basis.
Patient’s age, gender, American Society of Anesthesiologists (ASA)
grade,5 cardiovascular risk factors (hypertension, coronary artery
disease, diabetes mellitus, smoking, glomerular ﬁltration rate (GFR)
estimated byModiﬁcation of Diet in Renal Disease (MDRD)) and co-
morbidities as chronic obstructive pulmonary disease (COPD),
home oxygen and history of abdominal surgery were obtained for
analysis. Characteristics of aneurysms (Crawford classiﬁcation and
maximal aortic diameter) of revascularised vessels (number,
diameter, location of ostia, angulation with aorta and orientation)
and of the devices and stents used (number of scallops, fenestra-
tions, branches, diameter and material) were registered. Type of
anaesthesia, length of procedure, volume of contrast agent injected,
dose area product (DAP), need of complementary open surgery and
arterial access were also notiﬁed. Postoperative data, such as renal
infarction and endoleaks, were analysed on CT angiography (CTA)
and contrast-enhanced ultrasound performed before discharge and
at 6 and 12 months and yearly thereafter. The renal function was
monitored during hospital stay and after discharge at 6 and 12
months then yearly. A threshold of 30% decrease in GFR was
considered to be a signiﬁcant decrease of renal function.
Written informed consent was obtained from all patients.
All patients underwent surgery in a dedicated operating theatre
with the use of OEC 9900 Elite MD Imaging System (GE Healthcare,
Salt Lake City, UT, USA).
Imaging protocols
A preoperative thin slice CTA of chest, abdomen and pelvis was
performed in every case. These images were further analysed by
both radiologists and vascular surgeons on a 3D workstation
(Aquarius WS, Terarecon Inc., San Matteo, CA, USA). Multiplanar
reconstruction (MPR), maximum intensity projection (MIP), 3D
volume rendering (3DVR) and curved planar reconstruction (CPR)
of the aneurysm and target arteries were routinely performed to
design an appropriate custom-made endograft.Figure 1. Proximal scallop to revascularize an accessory renal artery. a e Preoperative CT sca
to localize the target vessels with the fenestrated device partially deployed. Injection of 7 cc
all target vessels is conﬁrmed.Custom-graft design
All grafts weremanufactured by CookMedical (Bloomington, IN,
USA) and custom made to ﬁt the patient’s anatomy. Whenever
a target vessel lay within the proximal or distal landing zone, an
endograft with a scallop or a fenestration (opening of the endograft
reinforced by a nitinol ring) was designed. On the other hand, if the
target vessel was located within the aneurysmal sac or if the gap
between the deployed graft and the vessel’s oriﬁce was more than
10mm, a branch (6mm polyester graft sewn to the endograft at the
proper direction) was constructed. Accurate diameter evaluation of
target vessels and screening for early bifurcation was critical to
select the correct stent bridging the gap between the endograft and
the target vessel. Revascularisation through a scallop does not
require stent grafting of the target vessel. Nevertheless, fenestra-
tions were always stented with appropriately sized balloon-
expandable covered stents. All branched grafts were bridged to
the target vessel with covered self-expanding stents and further
reinforced with additional uncovered self-expanding nitinol stents.
The description of the operative technique has been reported
previously.6,7 All patients underwent CTA on a 64-slice CT scanner
(Philips Brilliance 64 CT scanner, Philips Healthcare, Amsterdam,
The Netherlands) and a contrast-enhanced ultrasound (Philips
iE33, Philips Healthcare, Amsterdam, The Netherlands; Contrast
Agent: SonoVue, Bracco, Milan, Italy) before discharge and a clinical
exam and either a CT scan or an ultrasound at 6 months, 12 months
and yearly thereafter.
Cases
Accessory renal arteries
Revascularisation of accessory renal arteries without associated
ectopic or horseshoe kidneywas planned in seven out of nine cases.
In all cases, the arterial diameter was 3 mm as recommended by
Kaplan et al.3
In one patient, a scallop was designed to perfuse the top
accessory right renal artery and a small fenestration for the bottom
one. These two right renal arteries were 3.5 mm in diameters
(Fig. 1). Because of the small diameter of the vessel to be stented,
a 0.014-inch wirewas used to catheterise the lowest right renal and
the stent deployed through this fenestration was a 3.5-mm diam-
eter balloon-expandable covered stent (Graftmaster, Abbottn: double right renal artery. The neck length is 3.9 mm. b e Intraoperative angiography
of contrast at 30 cc/sec. c e 3D reconstruction of the post operative CT scan: patency of
Figure 3. Simultaneous catheterization of four fenestrations before full deployment of
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renal fenestration was also a balloon-expandable covered stent
(Advanta V12, 6 mm  38 mm, Atrium Medical Corporation, Hud-
son, NH, USA).
Fenestrations were also used to maintain arterial ﬂow in the
other accessory renal arteries cases. In ﬁve cases, four fenestrations
and more were designed to revascularise all target vessels
emerging from sealing zones. A 7Fr sheath is usually advanced into
each target vessel through its fenestration to stabilise the system
before releasing the diameter-reducing ties and totally deploy the
device. However, when four fenestrations or more are designed
(Fig. 2), it is not possible to advance four 7Fr sheaths through the
iliac artery. To overcome this issue, only two 7Fr sheaths were
advanced into opposite target vessels through their respective
fenestration. In addition, two 5Fr angioplasty balloons (5 mm
diameter and 20 mm length) were placed through the remaining
fenestrations and partially into their target vessel, and inﬂated to
act as tutors like the 7Fr sheaths (Fig. 3). In addition, one patient,
with a Crawford type 4 thoraco-abdominal aneurysm, had a right
inferior accessory renal artery emerging from the lower right side
of the aneurysm sac. Two devices were constructed for this patient:
one proximal four-branch device for the upper part of the aneu-
rysm and one fenestrated device for the lower part. The right
inferior accessory renal artery needed a fenestration because the
endograft was abutting its origin.a fenestrated device e Intraoperative ﬂuoroscopy: Before fully deploying the fenes-
trated endograft, 5 mm diameter balloons (white arrows) are inﬂated through the
superior mesenteric artery and the lowest left renal artery fenestrations. A 7Fr catheter
has been positioned into the highest left renal artery and into the right renal artery
fenestrations (black arrows).Ectopic kidney
One left pelvic kidneywith two renal arteries emerging from the
aneurysm was treated (Fig. 4). A superior polar renal arteryFigure 2. Fenestration to revascularize an accessory renal artery. 3D reconstruction of
the follow-up CT scan: This patient was treated with multiple fenestrations for both
right renal arteries, the left renal artery, the superior mesenteric artery and a branch
for the coeliac trunk.emerged from the aortic bifurcation while the main renal artery
emerged from the right common iliac origin. It was decided not to
revascularise the small superior polar renal artery. Tomaintain ﬂow
in the main renal artery, an additional branch was designed on
a standard bifurcated device body above its bifurcation. The
implantation required a brachial access to facilitate catheterisation
of the branch and of its target artery. A wire advanced through
a preloaded catheter positioned in the renal branch was snared
from a left brachial artery approach. Over this through-and-
through brachio-femoral wire, a 10Fr-80 cm sheath was advanced
directly into the branch. The gap between the branch and the renal
artery was bridged with a self-expandable covered stent (Fluency,
7mm 60mm, Bard, Murray Hill, New Jersey, USA). To prevent this
stent from kinking and to stabilise the system, an uncovered stent
was positioned into the bridging stent (Luminexx, 7 mm  80 mm,
Bard, Murray Hill, NJ, USA).
Horseshoe kidney
Horseshoe kidneys are often associated with multiple vascu-
larisation.2 In the present case, the left renal artery origin was
located above the proximal aneurismal neck, whereas a superior
polar and a right renal artery emerged from the aneurismal sac. No
speciﬁc revascularisation was needed for the left renal artery. A
fenestration was designed for the right renal artery. The endograft
delivery system contained a preloaded wire and a renal sheath. By
advancing the renal sheath (6Fr-90 cm) over the preloaded wire,
the former is directly positioned through the fenestration (Fig. 5).
We required such a delivery system because the fenestration was
situated low on the device and thus was potentially difﬁcult to
catheterise from a contralateral femoral access. This preloadedwire
also avoided the necessity of a brachial access, which could have
been necessary considering the caudal orientation of this target
artery.
Figure 4. Pelvic Kidney. a e The main arterial trunk of the pelvic kidney is located at the origin of the right common iliac artery. b e Post operative CT scan: a downward branch was
added to a bifurcated endograft to perfuse the pelvic kidney.
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Patient characteristics (Table 1)
In this study, 9 patients with a median age of 68 (range 49e74
years) were identiﬁed. All patients were considered unﬁt for open
surgery because of severe co-morbidities. Eight of the nine patients
were considered as high operative risk (ASA grade III or higher),
one of whom was scored ASA grade IV. One patient was classiﬁed
as ASA grade II but this patient had a previous open infra-renalFigure 5. Horseshoe kidney. a e The kidney is perfused by 2 main renal arteries, the top one
the aorta just above its bifurcation. A fenestrationwas designed to maintain this later vessel p
this wire, a 6fr sheath is advanced before the renal bridging stent is positioned. c e Post oaortic aneurysm repair and he presented with a pararenal
aneurysm.
A chronic non-dialysis-dependent renal insufﬁciency was
present in one patient. He presented a preoperative estimated GFR
of 54 ml min1.
All aneurysms maximum diameter was >55 mm except one
saccular aneurysm (contained plaque rupture with a rapid growth)
of 45 mm in diameter. A total of 34 vessels were treated by
endovascular mean. Twenty-three renal arteries were revascu-
larised, of which nine were aberrant renal arteries. A scallop wasis located on the left above the proximal sealing zone, and the lowest is on the right of
atent. b e Awire is positioned into the right renal artery through the fenestration. Over
perative CT scan: both renal arteries are patent.
Table 1
Patient characteristics: preoperative data.
Patient demographics
Median age (years) 68 (range 49e74)
Male gender (%) 9/9 (100%)
Co-morbidities
ASA grade III or higher (%) 8/9 (89%)
Hypertension (%) 8/9 (89%)
Coronary artery disease (%) 4/9 (44%)
Left ventricular ejection fraction <40% 1/9 (11%)
Diabetes mellitus (%) 2/9 (22%)
Smoking (%) 6/9 (67%)
COPD (%) 3/9 (33%)
Home oxygen (%) 2/9 (22%)
Estimated GFR <60 mL/min (%) 1/9 (11%)
History of abdominal surgery (%) 4/9 (44%)
Target vessels
Number of vessels revascularized 34
Accessory renal artery (%) 7/34 (21%)
Renal artery and Horseshoe kidney (%) 1/34 (3%)
Renal artery and Pelvic kidney (%) 1/34 (3%)
Coeliac trunk (%) 5/34 (15%)
Superior mesenteric artery (%) 6/34 (18%)
Main renal artery (%) 14/34 (41%)
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branch revascularised a renal artery of the pelvic kidney and 7
fenestrations were designed for the other anatomical variants of
renal arteries including a renal artery dedicated to a horseshoe
kidney.
Procedure
Seven patients underwent general anaesthesia. Two patients
beneﬁted from an epidural anaesthesia because of respiratory
conditions and ASA grade. All cases were successfully completed by
endovascular approach. The median procedure time was 150 min
(range 90e300 min). A 300-min-long procedure included an ilio-
femoral bypass performed for access in the same setting. The
median radiation DAP was 7 mGym2 (range 2.91e21.22 mGym2).
The median volume of contrast agent injected was 117 cc (range
60e300 cc). These results are comparable to those observed with
our other fenestrated cases.8
Follow-up
The mean follow-up was 14 months (range 1e50 months).
Postoperative morbidity included evidence of decrease in GFR
in one patient; however, this patient did not require dialysis. His
estimated GFR was preoperatively 98 ml min1 and 52 ml min1
at discharge. One patient had an acute renal insufﬁciency at 5
months because of a recurrent endocarditis that was not related
to the procedure. All target vessels perfused by scallops, fenes-
trations or branches were patent on the postoperative and
6-month CT scan. At 12 months, all aberrant target vessels were
patent.
In one patient a renal infarction, involving less than 10% of the
kidney’s parenchyma, was discovered on 6-month CT scan but this
had no clinical consequence. Four type 2 endoleaks were diag-
nosed on the postoperative CT scan and/or contrast-enhanced
ultrasound. No type 1 or type 3 endoleaks were diagnosed either
on intraoperative angiography analysis or during follow-up eval-
uation. On 6-month CT scan, no sac enlargement was depicted.
During further follow-up, no secondary intervention was
performed.
There was no in-hospital mortality. One patient died at 22
months after surgery. His death was non-aneurysm related.Discussion
There are different types of abnormalities in renal vascularisa-
tion. Abnormalities concerning the number of vessels dedicated to
a kidney or abnormalities due to the origin of the renal vessels. These
abnormalities can be associated to ectopic and horseshoe kidneys.
Embryologically, mature renal vessels result from the fusion of
three groups of primitive vascular ducts. The caudal one, which
includes four pairs of arteries, is the origin of the main renal artery.
Three pairs of arteries undergo a degeneration process. An impaired
degeneration process of these pairs induces presence of multiple
renal arteries.9,10
Embryologic mechanisms leading to ectopic kidneys remain
uncertain. Ureteral phenomena11 and rotation failure12 have been
suggested. Horseshoe kidney occurs between the fourth and the
sixth week of gestation. This anomaly is caused by an anomalous
migration or orientation and the fusion of the metanephric buds.12
These anatomical variants are usually asymptomatic1,13,14 and their
association with AAAs is uncommon.3
The most common variant is the presence of one or more
accessory renal arteries. According to themeta-analysis by Satyapal
et al., multiple renal arteries are found in 28.1% of kidneys.1 The
incidence of pelvic kidneys is 1 out of 2100e3000 births in
the population.15 Horseshoe kidneys, while rare (0.15e0.25% of the
population2), are often associated with renal artery abnormalities.
In fact, 70e80% of horseshoe kidneys are associated with accessory
renal arteries.2 Moreover, horseshoe kidneys are associated with
AAA of operable size in 0.12% of patients.16 A recent study reported
25 cases over 20 years of either ectopic kidney or horseshoe kidney
associated with AAA.17 In this study, all revascularisation were
performed by open surgery.
In speciﬁc circumstances such as the aortic aneurysm extending
to the origin of renal arteries (pararenal aneurysms, thoraco-
abdominal aneurysms Crawford 2,3 and 4), or when the neck of
the aneurysm is less than 10 mm in length, a renal arterial revas-
cularisationmay be needed in conjunctionwith aneurysm repair. In
this situation, renal revascularisation increases the risk of post-
operative renal failure.18 The renal artery diameter is critical in
decision making. Renal arteries under 3 mm in diameter can
usually be sacriﬁced without any clinical consequences when there
is no preoperative renal insufﬁciency and the main renal artery is
healthy.3,19 However, larger accessory renal arteries and other
abnormalities may need to be revascularised.
In recent years, improvements, made in endovascular repair of
pararenal, juxtarenal and thoraco-abdominal aneurysms with
branched and fenestrated devices, allow a safe alternative to open
and hybrid repair.4e21 Moreover, based on a review of the literature,
the endovascular technique, using fenestrated device, seems to
reduce perioperative mortality when compared to open surgery in
juxtarenal aortic aneurysm repair.22
The operative method requires advanced catheter techniques
and a large inventory. Planning on a workstation is a critical step of
the endovascular strategy to establish precise measurements of the
different anatomical structures considered. A 3D analysis is
essential to custom design the appropriate device for each indi-
vidual patient.
The major risk of renal revascularisation in conjunction with
aneurysm repair is postoperative acute renal failure,18 which after
aneurysm repair is associated with an increase in postoperative
mortality.23 However, detrimental effects on renal function after
fenestrated grafting do not seem to differ from open repair in
juxtarenal aortic aneurysms.24 In our experience, renal function
was majorly maintained postoperatively and no patient required
haemodialysis. Only one out of the nine patients had a signiﬁcant
decrease in renal function. It should be noted that this latter patient
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curve applies to the management of anatomical variants as well as
to endovascular technique.
In this article, we have described how custom-made aortic
endografts can safely be used in the treatment of challenging
anatomies. The rationale for fenestrated and branched endografts
treatments in a high-risk population, and an evaluation of the cost/
beneﬁt ratio cannot be analysed from our results.
Conclusion
This technical note illustrates how endovascular renal artery
revascularisation through fenestrations or branch endografts can
be safely performed in patients with multiple accessory renal
arteries and other anatomical variants. The endovascular approach
should be considered even in the presence of challenging anato-
mies in patients deemed unﬁt for surgery. Longer clinical follow-up
and larger studies are required to better deﬁne the role of this
technique.
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